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Abstract Nefopam hydrochloride (NFH) is a non-opioid centrally acting analgesic drug used to

treat chronic condition such as neuropathic pain. In current research, sustained release nefopam

hydrochloride loaded nanospheres (NFH-NS) were auspiciously synthesized using binary mixture

of eudragit RL 100 and RS 100 with sorbitan monooleate as surfactant by quasi solvent diffusion

technique and optimized by 35 Box–Behnken designs to evaluate the effects of process and formula-

tion variables. Fourier transform infrared spectroscopy (FTIR), differential scanning calorimetric

(DSC) and X-ray diffraction (XRD) affirmed absence of drug–polymer incompatibility and con-

firmed formation of nanospheres. Desirability function scrutinized by design-expert software for

optimized formulation was 0.920. Optimized batch of NFH-NS had mean particle size

328.36 nm ± 2.23, % entrapment efficiency (% EE) 84.97 ± 1.23, % process yield 83.60 ± 1.31

and % drug loading (% DL) 21.41 ± 0.89. Dynamic light scattering (DLS), zeta potential analysis

and scanning electron microscopy (SEM) validated size, charge and shape of nanospheres, respec-

tively. In-vitro drug release study revealed biphasic release pattern from optimized nanospheres.
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Figure 1 Chemical stru
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Korsmeyer Peppas found excellent kinetics model with release exponent less than 0.45. Chronic

constricted injury (CCI) model of optimized NFH-NS in Wistar rats produced significant difference

in neuropathic pain behavior (p< 0.05) as compared to free NFH over 10 h indicating sustained

action. Long term and accelerated stability testing of optimized NFH-NS revealed degradation rate

constant 1.695 · 10�4 and shelf-life 621 days at 25 ± 2 �C/60%± 5% RH.

ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Drug delivery is an approach consolidated with dosage form
and route of administration. It involves technologies that

safely transport an active entity in body to accomplish its
anticipated therapeutic outcome. Current efforts in area of
drug delivery include development of sustained release

formulations in which drug is released over prolonged period
of time (Bertrand and Leroux, 2011). Nanospheres are of
tremendous scientific significance and have been contemplated

as a discovery of novel science to release the drug in a predes-
tined aspect (Buzea et al., 2007). Pain elevates an extensive
communal-health obstacle with tremendous upshot on society
(Mariana et al., 2010; Breivik et al., 2006).

Neuropathic pain remains one of the most challenging of all
neurological diseases which affects millions of people world-
wide. It is a chronic condition caused by damage of peripheral

nervous system or central nervous system that affects the
somatosensory system (Wei et al., 2011; Torrance et al.,
2006). Nefopam hydrochloride (NFH) (Fig. 1) is a non-opioid,

non-steroidal, centrally acting analgesic drug. It is cyclized ana-
logue of diphenhydramine with its chemical structure similar to
orphenadrine (Alfonsi et al., 2004; Podranski et al., 2012). The

IUPAC name of NFH is 5-methyl-1-phenyl-1, 3, 4, 6-tetrahy-
dro-2, 5-benzoxazocine hydrochloride and chemical formula
is C17H20ClNO (Kyung and Salahadin, 2014).

The inhibition of triple neurotransmitter (serotonin, dopa-

mine and noradrenaline) reuptake produces analgesic effects
of NFH (Esposito et al., 1986). The other modes of action
may be through histamine H3 receptors, blockage of voltage-

sensitive sodium channels and modulation of glutamatergic
transmission (Fuller and Snoddy, 1993; Marazziti et al.,
1991). It has been a drug of choice for treatment of postopera-

tive shivering, severe hiccups and neuropathic pain (Girard
et al., 2004; Verleye et al., 2004). It has also been useful for
relief of dental, musculo-skeletal, acute traumatic, acute

wound and cancer pain (Tobin and Gold, 1972; Bolt et al.,
1974; Koe, 1976; Cohen, 1974; Klotz, 1974).
cture of NFH.
The adverse effects of NFH include nausea, vomiting,
sweating, dizziness, drowsiness and patient non-compliance
due to need of frequent administration. Its usual dose of oral

administration is 30–90 mg three to four times daily
(Esposito et al., 1986; Marazziti et al., 1991; Fuller and
Snoddy, 1993; Girard et al., 2004; Verleye et al., 2004; Tobin

and Gold, 1972; Bolt et al., 1974; Koe, 1976; Cohen, 1974;
Klotz, 1974). It undergoes extensive hepatic pre-systemic meta-
bolism which is around 83% ± 7. It has oral bioavailability of
30–40% and an elimination half-life near about 3–5 h (Chawla

et al., 2003; Aymard et al., 2003).
A modern sustained release dosage form utilizes the drug

carriers that ensure prolong drug actions, decrease drug meta-

bolism and reduce drug toxicity. Eudragit (Fig. 2) fulfills these
expectations to very high extent (Ana et al., 2007). Eudragit
RL 100 and RS 100 are cationic, non-biodegradable, poly

(meth) acrylates with quaternary ammonium alkaline group
that enables sustained release of the active ingredient by pH-
independent swelling. These polymers are insoluble over entire
physiological pH range but get swell in the presence of water

and digestive fluids due to the presence of ionic group and
permeate the drugs slowly by diffusion. Eudragit RL 100 has
high permeability while permeability of eudragit RS 100 is

low. Consequently, drug release profiles can be altered by
blending eudragit RL and eudragit RS in different ratios.

Eudragit RS 100 or RL 100/PLGA nanoparticles loaded

with ciprofloxacin have been described previously (Dillen
et al., 2006). In present investigation, nefopam hydrochlo-
ride-loaded nanospheres (NFH-NS) were synthesized using

binary mixture of eudragit RL 100 and RS 100 with sorbitan
monooleate as surfactant by quasi solvent diffusion technique.
35 Box–Behnken design (BBD) has been applied to analyze the
effect of independent variables on dependent variables and to

optimize the best possible composition and processing condi-
tions for fabrication of NFH-NS (Gohel and Amin, 1998;
Liu et al., 2010; Nazzal and Khan, 2002; Chang et al., 2007;

Jifu et al., 2011). It comes into sight to be first to report the
fabrication of NFH-NS for antinociception.
Figure 2 Chemical structure of eudragit.
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Table 2 Box–Behnken experimental design matrix.

Run X1 X2 X3 X4 X5

F1–F4 ±1 ±1 0 0 0

F5–F8 ±1 0 ±1 0 0

F9–F12 ±1 0 0 ±1 0

F13–F16 ±1 0 0 0 ±1

F17–F20 0 ±1 ±1 0 0

F21–F24 0 ±1 0 ±1 0

F25–F28 0 ±1 0 0 ±1

F29–F32 0 0 ±1 ±1 0

F33–F36 0 0 ±1 0 ±1

F37–F40 0 0 0 ±1 ±1

F41–F46 0 0 0 0 0

590 S. Sukhbir et al.
2. Materials and method

2.1. Materials

Nefopam hydrochloride (5-methyl-1-phenyl-1,3,4,6-tetrahy-
dro-2, 5-benzoxazocine hydrochloride, C17H20ClNO, CAS

NO-23327-57-3, Mw 289.8 g mol�1, 99.57% purity) was pur-
chased from Hangz Hou-Daying-Chem. Company Ltd.,
China. Eudragit RL 100 and RS 100 were obtained as a gift

sample kindly provided by Evonik Industries AG, Mumbai,
India. Heavy liquid paraffin, n-hexane (C6H14, Mw 86.18)
and acetone (2-Propanone, C3H6O, Mw 58.08 g mol�1)
were obtained from Merck Specialties Private Limited,

Mumbai. Magnesium stearate (magnesium octadecanoate,
591.27 g mol�1), span 80 (sorbitan monooleate, HLB-4.3),
Potassium dihydrogen phosphate, sodium hydroxide and

methanol were procured from Loba Chemicals Private
Limited, Mumbai, India. Petroleum ether was procured from
Thomas Bakers Chemical Private Limited, Mumbai. All other

chemicals used were of analytical grade.
2.2. Methods

2.2.1. Experimental design

In present investigation, 46-run, 5-factor, 3-level Box–Behnken
design was utilized for creating second order polynomial mod-
els and analyzing quadratic response surface for optimization

process using Design-Expert software (Trial Version 9.0.3.1,
Stat-Ease Inc., MN). This design can be used to assess main
effects, interaction effects and quadratic effects of factors on

dependent variables to optimize the formulation. The quadra-
tic model generated by design was

Y¼B0þB1X1þB2X2þB3X3þB4X4þB5X5

þB6X1X2þB7X1X3þB8X1X4þB9X1X5þB10X2X3

þB11X2X4þB12X2X5þB13X3X4þB14X3X5þB15X4X5

þB16X
2
1þB17X

2
2þB18X

2
3þB19X

2
4þB20X

2
5

ð1Þ

where Y is dependent variable; B0–B20 are regression coeffi-
cients of respective independent variables and their interaction

terms and X1, X2, X3, X4, X5 are independent variables. The
terms X1X2 and Xi

2 (i= 1, 2 or 3) represent interaction and
Table 1 Variables and their levels in Box–Behnken des

Leve

�1 (

Independent variables

X1 = Drug:polymer ratio (w/w) 1:2

X2 = Surfactant concentration (% w/v) 0.5

X3 = Stirring time (hours) 2

X4=
aDP/CP ratio (v/v) 1:5

X5 = Stirring speed (rpm) 1000

Dependent variables

Y1 = Entrapment efficiency (% EE, w/w)

Y2 = Drug loading (% DL, w/w)

Y3 = Mean particle size (nm)

Y4 = Process yield (% PY, w/w)

a Dispersed phase/continuous phase.
quadratic terms, respectively (Myers et al., 2009). Factors
evaluated in present study were drug/polymer ratio (w/w), sur-
factant concentration (% w/v), stirring time (h), dispersed
phase/continuous phase ratio (DP/CP ratio) (v/v) and stirring

speed (rpm) taken at low, medium and high values. Dependent
responses were entrapment efficiency (% EE, w/w), mean par-
ticle size (nm), process yield (% PY, w/w) and drug loading

(% DL, w/w) (Table 1). The design matrix used for
experimentation has been presented in Table 2.

2.2.2. Fourier transform infrared spectroscopy (FTIR)

FTIR spectra of NFH, eudragit RL 100, eudragit RS 100,
physical mixture and NFH-NS were recorded on FTIR spec-
trophotometer (IR Affinity-1, Shimadzu, Germany) using IR

Solution software. The samples were mixed with potassium
bromide powder at 1% and pressed to self-supporting
disks. Each spectrum was scanned in the analytical range of

400–4000 cm�1.

2.2.3. Differential scanning calorimetric (DSC)

Thermograms of NFH, eudragit RL 100, eudragit RS 100,

physical mixture and NFH-NS were recorded on differential
scanning calorimeter (DSC 4000 Perkin Almer, Germany)
using Pyris Software. The temperature axis and cell constant

of DSC were previously calibrated with indium. A heating
rate of 20 �C min�1 was employed over a temperature range
of 25–350 �C with nitrogen purging (100 mL/min). Samples
ign.

ls

Low) 0 (Medium) +1 (High)

1:3 1:4

1 2

3 4

1:10 1:15

1500 2000

Constraints

Maximize

Maximize

Minimize
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(2–8 mg) were weighed into an aluminum pan, sealed with
pinholes and analyzed by using an empty aluminum pan
as reference.

2.2.4. X-ray diffraction (PXRD)

The X-ray diffraction patterns of NFH, eudragit RL 100,
eudragit RS 100, physical mixture and NFH-NS were obtained

using a specimen of length 10 mm at 25 �C on X-ray diffrac-
tometer (X’pert-Pro diffractometer) employing 1.54 A� Cu
Ka radiation and 1.39 A� Cu Kb radiation (tube operated at

45 kV, 40 mA). Data were collected over an angular range
from 2h = 5� to 2h = 50� in continuous scan mode.

2.2.5. Fabrication of nefopam hydrochloride-loaded nanospheres
(NFH-NS)

Nefopam hydrochloride-loaded nanospheres were prepared by
quasi solvent diffusion technique (Devarajan and Sonavane,

2007; Jelvehgari et al., 2011). Accurate quantity of NFH,
eudragit RL 100 and RS 100 was dissolved in acetone-ethanol
mixture. The resultant mixture was extruded slowly through

syringe #20 to heavy liquid paraffin containing n-hexane and
span 80 which act as hardening agent and an emulsifier, respec-
tively. After stirring for specified time on magnetic stirrer at

38 ± 0.5 �C (REMI, India), nanospheres were collected by
centrifugation, and washed four times with petroleum ether
succeeded by membrane filtration using 0.22 lm filter. The
nanospheres were further collected by ultracentrifugation at

20,000 rpm for 30 min (REMI, India) followed by freeze-dry-
ing at �55 �C and 0.5 kPa (vacuum) for 24 h (ISIC Make) in
the presence of glucose and lactose as lyoprotectant to obtain

fine powder. A schematic representation of Nefopam
hydrochloride-loaded nanospheres preparation is illustrated
in Fig. 3.

2.3. Evaluation of nanospheres

2.3.1. Entrapment efficiency and drug loading determination

Nanospheres (50 mg) were weighed and extracted with phos-
phate buffer, pH 7.4 for 24 h and centrifuged at 3500 rpm
for 10 min. The supernatant was removed and assayed spec-

trophotometrically at 266 nm (Systronics AU2701). Each mea-
surement was taken in triplicate (Arindam and Biswanath,
NFH + eudragit RL 100: RS 100 (1:2) 
dissolved in acetone: ethanol (1:3) mixture

Addition of magnesium stearate 
as stabilizer 

Ultra-

Sample
Membrane

filter

Membrane filtration

Centrifugation

Lyophilization

Figure 3 Method for preparation of nefop
2006). The concentration of dissolved NFH was calculated
from calibration curve. The entrapment efficiency (% EE, w/
w) and drug loading (% DL, w/w) of nanospheres were calcu-

lated according to Eqs. (2) and (3), respectively.

%EE; w=w ¼Weight of drug entrapped

Weight of drug
� 100 ð2Þ

%DL; w=w ¼ Weight of drug entrapped

Weight of drugþWeight of polymer
� 100

ð3Þ
2.3.2. Determination of process yield

Process yield (% PY, w/w) of nanospheres was calculated as
the weight of dried nanospheres recovered from each run
divided by sum of initial dry weight of starting materials multi-

plied by hundred (Arica et al., 2005).

2.3.3. Mean particle size analysis

The particle sizes of NFH-NS were measured by optical micro-

scopy using compound microscope (Erma, 23 Tokyo, Japan).
All samples were diluted with distilled water before measure-
ment. The particle size measurement was conducted for mini-
mum 300 particles of sample to find out mean particle size.

2.3.4. Optimization and validation

The statistical validation of polynomial equations was

entrenched by assessment of statistical parameters such as p-
value and correlation coefficient (r2) generated by ANOVA
provision available in Design-Expert software. The optimum
values of variables were determined by using graphical

optimization tool of Design-Expert software based on set con-
strained criterion of desirability (Myers et al., 2009).

2.3.5. Dynamic light scattering (DLS)

The particle size and polydispersity index (PDI) of optimized
batch of NFH-NS were measured by dynamic light scattering
(DLS) using zetasizer ver. 7.03 (Nano ZS, Malvern

Instruments Ltd., UK). The measurement was taken at 25 �C
using disposable sizing cuvette at count rate of 165.6 kcps.
Dispersant used was double distilled water having refractive

index and viscosity of 1.330 and 0.8872 cP, respectively. The
Extrusion through 
syringe #20

Heavy liquid paraffin with 

NFH-NS

n-hexane and span 80   

Magnetic stirring 
at 38 ± 0.5 oCCentrifugation

am hydrochloride-loaded nanospheres.
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measurement was taken in triplicate (n = 3) after diluting the
sample (500·) in dispersant.

2.3.6. Zeta potential (f) analysis

The optimized batch of NFH-NS was characterized by zeta
potential (f) analysis using zetasizer ver. 7.03 (Nano ZS,
Malvern Instruments Ltd., UK). The measurement was taken

at 25 �C using clear disposable zeta cell at count rate of
29.3 kcps. Dispersant used was double distilled water having
refractive index, viscosity and dielectric constant of 1.330,

0.8872 cP and 78.5, respectively. Measurement was carried
out after dilution of sample with dispersant to reach a suitable
concentration.
2.3.7. Scanning electron microscopy (SEM)

Scanning electron microscopy was performed to assess surface
morphology of optimized batch of NFH-NS using a variable

pressure scanning electron microscope (Hitachi S3400 N).
Nanospheres were plated with gold palladium for 150 s to
achieve a 20 nm film under an atmosphere of air (Coater

Polaron, 18 mA current at 1.4 kV) and then examined.
2.3.8. In-vitro release study

In-vitro release study was performed using dialysis bag diffu-

sion technique (Singh and Muthu, 2007). Dialysis membrane
with a molecular weight cutoff (MWCO) of 12,000–
14,000 Da (Himedia, India) was soaked in double distilled

water for 12 h prior to experiment (Kathleen et al., 2006).
Pure NFH, physical mixture or optimized NFH-NS was
placed in dialysis bag containing 50 mL of dissolution medium
(phosphate buffer, pH 7.4) at 37 ± 0.5 �C with continuous

magnetic stirring at 200 rpm (Remi, India). Two mL sample
was withdrawn at specified time intervals for analysis and
replenished with equivalent volume of dissolution medium.

The amount of NFH in release medium was determined by
UV spectrophotometry at 266 nm using double beam UV spec-
trophotometer (Systronics AU2701, India). Each measurement

was taken in triplicate (Arindam and Biswanath, 2006; Barratt,
2000).
Figure 4 FTIR spectra of (a) NFH, (b) eudragit RL 100, (c)
2.3.9. Stability studies

Following the ICH guidelines Q1A (R2) and ICH Q1, opti-
mized NFH-NS were stored in stability analysis test chamber
(CHM 10S, REMI, India) at 25 ± 2 �C/60 ± 5% RH and

40 ± 2 �C/75 ± 5% RH for conducting long term and acceler-
ated stability testing, respectively. NFH-NS stored at 5 ± 3 �C
were treated as control (Madaswamy and Si-Shen, 2009; Mulik

et al., 2009). Samples were withdrawn at predetermined time
intervals and evaluated for % residual drug content. The plot
of log% residual drug content vs. time was explored in order
to evaluate degradation rate constant (k), half-life (t1/2) and

shelf-life (t10%) of NFH-NS using Eqs. (4)–(6), respectively.

k ¼ 2:303� slope ð4Þ

t1=2 ¼ 0:693=k ð5Þ

t10% ¼ 0:152� t1=2 ð6Þ
2.3.10. Neuropathic pain study by chronic constricted injury

(CCI) method

2.3.10.1. Surgery. The surgical procedure was performed under

ketamine (60 mg/kg) and xylazine (10 mg/kg) anesthesia. The
left sciatic nerve was exposed and 4 loose chronic gut ligatures
were placed around nerve proximal to the trifurcation. The
distance between two adjacent ligatures was 1 mm. The wound

was irrigated with saline (0.9% NaCl) and closed in two layers
with surgical skin staples.

2.3.10.2. Treatment of injury. Male Wistar rats (180–200 g)
were randomly divided into four experimental groups:
1 – phosphate buffer-treated CCI group (control group),

2 – phosphate buffer sham group, 3 – NFH-treated CCI
group, and 4 – NFH-NS-treated CCI group. Drugs were
administered 30 min before surgery and continued daily to
day 14 post-ligation using oral gavage. In order to meet

the ethics, behavioral test (cold allodynia) was recorded only
on a randomly selected day i.e. day 7. Measurements were
taken on selected day at predetermined time intervals

(0.5 h, 1 h, 2 h, 4 h, 6 h, 8 h and 10 h) after administration
of drug to observe the difference in pain behavior of experi-
mental groups.

2.3.10.3. Behavioral test (cold allodynia). The acetone test was
used to determine the reactivity to an acetone stimulus.

Acetone bubbles were formed at the end of a piece of small
polyethylene tubings that was connected to a syringe and bub-
ble was touched to the heel 5 times with an interval of 1 min.
Number of paw lift from surface was measured as response.

The response was calculated as % paw withdrawal frequency
(% PWF) using Eq. (7) as follows:

%PWF ¼ ðNumber of paw withdrawal =5 TrialsÞ � 100 ð7Þ
eudragit RS 100, (d) physical mixture and (e) NFH-NS.



Figure 6 XRD pattern of (a) NFH, (b) eudragit RL 100, (c)

eudragit RS 100, (d) physical mixture and (e) NFH-NS.
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2.4. Statistical analysis

All the results were shown as the mean value ± standard
deviation. The statistical analysis of polynomial equations
was done by ANOVA provision available in Design-Expert

software. All other data were analyzed for significance by
two way analysis of variance followed by Bonferroni post-test
for comparisons among the averages. Statistical difference
(p< 0.05) was considered significant.

3. Results and discussion

3.1. Fourier transform infrared spectroscopy (FTIR)

The FTIR spectra of NFH, eudragit RL 100, eudragit RS 100,

physical mixture and NFH-NS are shown in Fig. 4. The char-
acteristic absorption peaks present in FTIR spectra of NFH at
3429 cm�1, 2910 cm�1, 1446 cm�1, 1346 cm�1, 1024 cm�1 and

759 cm�1 correspond to CAOAC of cyclic ring, CAH of
alkane (s), C‚C of aromatic, CAN of amines, CAO stretch
and aromatic ring, respectively, and confirm authenticity of

drug. The characteristic absorption peaks of NFH remained
intact in physical mixture indicated absence of drug–polymer
interaction. However, in spectra of NFH-NS, intensity and
correlation area of prominent absorption peaks of NFH at

3429 cm�1, 1446 cm�1, 1346 cm�1, 1024 cm�1 and 759 cm�1

were altered. These findings suggest that weak physical interac-
tions of NFH with eudragit RL 100 and RS 100 take place

during nanosphere fabrication.

3.2. Differential scanning calorimetric (DSC)

Differential scanning calorimetry is a rapid and reliable way
to screen the incompatibility between drug and polymer
and it provides maximum information about possible
Figure 5 DSC curves of (a) NFH, (b) eudragit RL 100, (c)

eudragit RS 100, (d) physical mixture and (e) NFH-NS.
interactions. Fig. 5 presents DSC curves of (a) NFH, (b)
eudragit RL 100, (c) eudragit RS 100, (d) physical mixture

and (e) NFH-NS. NFH exhibited a sharp peak at melting
temperature (Tf) of 266 �C indicating highly crystalline nature
of drug. Eudragit RL 100 and RS 100 showed glass transition

temperature (Tg) around 66 �C and 68 �C, respectively, indi-
cating the amorphous nature. The existence of two illustrious
endothermic peaks for drug and polymer in physical mixture
curve indicates the negligible interaction between drug and

polymer. In case of NFH-NS, a deviation toward lower melt-
ing temperature (Tf) was detected. This can be explained as
NFH and eudragit partially interact to synthesize nanosphere

which has different melting point than individual
components.

The DSC curve of NFH-NS shows that original peaks of

NFH and eudragit have disappeared. It is evident by compar-
ison of DSC curves that NFH and eudragit exhibit no interac-
tions in physical mixture during formation of nanospheres;

NFH and eudragit exhibit some interactions that lead to
entrapment of drug in matrix of polymer. The broad peak with
onset at 38.52 �C and ending at 213.45 �C indicated that drug
was either molecularly dispersed or in amorphous form in

matrix of eudragit RL 100 and RS 100 during nanosphere
fabrication.

3.3. Powder X-ray diffraction (PXRD)

As shown in Fig. 6a, NFH exhibits sharp crystalline peaks at
2h = 7�, 2h = 12�, 2h = 14�, 2h = 15�, 2h = 16�, 2h = 18�,
2h = 19�, 2h = 23� and 2h = 35� indicating highly crystalline
behavior of drug. Eudragit RL 100 and RS 100 exhibit negligi-
ble peaks in X-ray diffraction pattern indicating amorphous

nature of polymers as indicated in Fig. 6b and c, respectively.
As depicted in Fig. 6d, crystalline peaks corresponding to
NFH at 2h = 12�, 2h = 14�, 2h = 15�, 2h = 16�, 2h = 19�,
2h = 23� and 2h = 35� were observed in X-ray diffraction



Table 3 Statistical analysis results of % EE (Y1), mean particle size (Y2), % PY (Y3) and % DL (Y4).

Parameters Y1 Y2 Y3 Y4

bi p-value bi p-value bi p-value bi p-value

X1 5.17 <0.0001* 159.60 <0.0001 7.94 <0.0001 �3.06 <0.0001*

X2 1.99 0.0047* �10.79 0.4184 �0.12 0.8507 0.50 0.0040*

X3 1.09 0.1022 1.14 0.9315 �1.01 0.1147 0.26 0.1065

X4 2.08 0.0034* 9.52 0.4744 0.88 0.1678 0.53 0.0024*

X5 3.95 <0.0001* �97.14 <0.0001 1.88 0.0056 0.99 <0.0001*

X1X2 0.11 0.9306 18.23 0.4935 �0.45 0.7144 �0.02 0.9496

X1X3 0.81 0.5323 �32.05 0.2333 1.79 0.1603 0.15 0.6362

X1X4 �0.06 0.9599 10.30 0.6977 �0.66 0.5981 �0.16 0.6195

X1X5 0.32 0.8030 �73.72 0.0096 �1.68 0.1853 �0.07 0.8188

X2X3 1.48 0.2599 �14.57 0.5835 0.24 0.8476 0.37 0.2520

X2X4 �0.07 0.9552 �37.92 0.1609 1.62 0.2035 �0.02 0.9496

X2X5 0.09 0.9445 �28.55 0.2868 0.33 0.7932 0.02 0.9433

X3X4 �0.15 0.9106 �31.28 0.2443 �2.03 0.1138 �0.04 0.9057

X3X5 1.59 0.2242 �10.85 0.6826 2.52 0.0528 0.40 0.2136

X4X5 1.25 0.3370 0.90 0.9730 �0.65 0.6023 0.32 0.3244

X1
2 �8.33 <0.0001* 76.41 0.0002 �4.36 <0.0001 �1.32 <0.0001*

X2
2 0.61 0.4895 3.65 0.8389 4.71 <0.0001 0.16 0.4641

X3
2 �1.26 0.1576 64.30 0.0014 0.48 0.5722 �0.33 0.1282

X4
2 �4.33 <0.0001* 52.73 0.0066 �0.33 0.6958 �1.12 <0.0001*

X5
2 �1.22 0.1723 109.41 <0.0001* 0.42 0.6189 �0.26 0.2366

bi – Coefficients.
* Significant value p< 0.01.

Figure 7 Response surface plot showing effect of (a) drug:polymer ratio and DP/CP ratio on % EE, (b) surfactant and stirring speed on

% EE, (c) effect of the drug:polymer ratio and stirring speed on mean particle size and (d) effect of the surfactant and stirring speed on

mean particle size.
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pattern of physical mixture illustrating insignificant interaction
between drug and polymer. In comparison with physical mix-
ture, the crystalline peaks of NFH disappeared in NFH-NS, as

observed in Fig. 6e. This suggests that NFH was either
molecularly dispersed or in an amorphous form in NFH-NS
(Semalty et al., 2009).

3.4. Entrapment efficiency (% EE) (Y1)

The significant factors affecting % EE (Y1) were drug/polymer

ratio (X1), surfactant concentration (X2), DP/CP ratio (X4) and
stirring speed (X5) (p< 0.01, Table 3). The effect can be
described by the following quadratic equation:

Y1 ¼ 76:49þ 5:17X1 þ 1:99X2 þ 1:09X3 þ 2:08X4 þ 3:95X5

þ 0:11X1X2 þ 0:81X1X3 � 0:06X1X4 þ 0:32X1X5

þ 1:48X2X3 � 0:07X2X4 þ 0:09X2X5 � 0:15X3X4

þ 1:59X3X5 þ 1:25X4X5 � 8:33X2
1 þ 0:61X2

2 � 1:26X2
3

� 4:33X2
4 � 1:22X2

5ðr2 ¼ 0:9120Þ ð8Þ

The value of correlation coefficient (r2) of Eq. (8) was found
to be 0.9120, revealing a good fit. The effect of varying drug/

polymer ratio and DP/CP ratio on % EE was examined when
stirring speed, surfactant concentration and stirring time were
kept constant (Fig. 7a). The result showed that % EE rapidly

increased as drug/polymer ratio increased which can be due to
greater amount of polymer available to drug to accommodate
excessive drugs. Secondly, it can be illustrated by increased vis-

cosity of droplets (Shah and Pathak, 2010;Mao et al., 2008; Jifu
et al., 2011). The effect of varying surfactant concentration and
stirring speed on % EE was studied when drug/polymer ratio,

stirring time and DP/CP ratio were kept constant (Fig. 7b).
Figure 8 Response surface plot showing effect of (a) drug:polymer r

and stirring time on % DL and (c) response graph for desirability fun
The entrapment efficacy was significantly increased with
increase in surfactant concentration. Probably, this effect was
because of tendency of surfactant to stabilize emulsion droplets

leading to increased % EE (Ko et al., 2004; Yang et al., 2000).

3.5. Mean particle size analysis

The drug/polymer ratio (X1) and stirring speed (X5) had
significant positive and negative effects on Y2 as revealed by
positive and negative values of coefficients, respectively, which

can be interpreted by the following second-order polynomial
quadratic equation:

Y2¼338:30þ159:60X1�10:79X2þ1:14X3þ9:52X4

�97:14X5þ18:23X1X2�32:05X1X3þ10:30X1X4

�73:72X1X5�14:57X2X3�37:92X2X4�28:55X2X5

�31:28X3X4�10:85X3X5þ0:90X4X5þ76:41X2
1

þ3:65X2
2þ64:30X2

3þ52:73X2
4þ109:41X2

5ðr2¼0:9195Þ

ð9Þ

The effect of varying drug/polymer ratio and stirring speed
on mean particle size (Y2) was studied when surfactant concen-
tration, stirring time and DP/CP ratio were kept constant

(Fig. 7c). It was noted that increase in stirring speed results
in remarkable decrease in mean particle size which can be
explained as force exerted due to high rpm results in reduction

in particle size. It has also been demonstrated that mean par-
ticle size increased rapidly with increasing drug/polymer ratio
which can be illustrated by increase in density of dispersed

phase and size of droplets (Shah and Pathak, 2010; Mao
et al., 2008; Jifu et al., 2011). In Fig. 7d, the effect of varying
surfactant concentration and stirring speed on the mean parti-
cle size (Y2) was studied when the drug/polymer ratio, stirring
atio and surfactant on % PY, (b) effect of the drug:polymer ratio

ction of optimized NFH-NS.



Figure 9 Scanning electron micrographs of optimized NFH-NS

fabricated with 1:3 drug:polymer ratio, 2% surfactant concentra-

tion, 1:12 DP/CP ratio, 2000 rpm stirring speed, 3.8 h stirring time

(·9500).

Figure 10 In-vitro drug release profile of nefopam hydrochloride

from optimized batch of NFH-NS, physical mixture and pure

drug in phosphate buffer (pH 7.4) at 37 ± 0.5 �C.
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time and DP/CP ratio were kept constant. It was noted that

the increase in surfactant concentration could efficiently
reduce the particle size of nanospheres due to the surfactant-
induced reduction in surface tension between the DP and
CP. In addition, surfactant helps to stabilize the newly gener-

ated surfaces and prevents particle aggregation (Gullapalli and
Sheth, 1999; Ko et al., 2004; Yang et al., 2000; Jifu et al., 2011;
Hamed and Sakr, 2001).

3.6. Process yield (% PY)

Results in Table 3 signify that the independent factors affect-

ing the % PY were the drug/polymer ratio (X1) and stirring
speed (X5) (p < 0.01). The effect can be elucidated by the fol-
lowing polynomial quadratic equation:

Y3 ¼ 74:70þ 7:94X1 � 0:12X2 � 1:01X3 þ 0:88X4

þ 1:88X5 � 0:46X1X2 þ 1:79X1X3 � 0:66X1X4

� 1:68X1X5 þ 0:24X2X3 þ 1:61X2X4 þ 0:33X2X5

� 2:03X3X4 þ 2:52X3X5 � 0:65X4X5 � 4:37X2
1

þ 4:71X2
2 þ 0:48X2

3 � 0:33X2
4 þ 0:42X2

5ðr2 ¼ 0:9195Þ ð10Þ

The main effects of X1, X2, X3, X4 and X5 represent the

average result of changing 1 variable at a time from its low
level to its high level. The negative and positive coefficients
before independent variables pinpoint negative and positive
effect on the % PY, respectively. The interaction terms

(X1X2, X1X3, X1X4, X1X5, X2X3, X2X4, X2X5, X3X4, X3X5

and X4X5) show how the % PY changes when 2 variables
are simultaneously changed. Analyzing these coefficients in

the above second order polynomial mode shows how the
increase of drug/polymer ratio (X1) and stirring speed (X5)
enhances the % PY (Lee et al., 2000). The value of the

correlation coefficient (r2) of Eq. (6) was found to be
0.9195, indicating a good fit. The effect of varying the
drug/polymer ratio and surfactant concentration on % PY

was demonstrated when stirring time, stirring speed and
DP/CP ratio were kept constant (Fig. 8a). The result showed
that % PY increased rapidly with increasing drug/polymer
ratio which can be illustrated by the increase in total weight
nanospheres recovered (Shah and Pathak, 2010; Mao et al.,
2008; Jifu et al., 2011).

3.7. Drug loading (% DL)

The % DL was significantly influenced by the drug/polymer

ratio (X1), surfactant concentration (X2), DP/CP ratio (X4)
and stirring speed (X5) (p < 0.01), Table 3. The effect can be
annotated by the following quadratic equation:

Y4 ¼ 19:12� 3:06X1 þ 0:5X2 þ 0:26X3 þ 0:53X4

þ 0:99X5 � 0:02X1X2 þ 0:15X1X3 � 0:16X1X4

� 0:07X1X5 þ 0:37X2X3 � 0:02X2X4 þ 0:02X2X5

� 0:04X3X4 þ 0:40X3X5 þ 0:32X4X5 � 1:32X2
1

þ 0:16X2
2 � 0:33X2

3 � 1:12X2
4 � 0:26X2

5ðr2 ¼ 0:9556Þ ð11Þ

The value of the correlation coefficient (r2) of Eq. (7) was

found to be 0.9556, attributing a good fit. The effect of chang-
ing the drug/polymer ratio and stirring time on the % DL was
studied when the surfactant concentration, DP/CP ratio and
stirring speed were kept constant (Fig. 8b). The drug/polymer

ratio had a significant and negative effect on % DL as specified
by the negative value in the quadratic equation (Shah and
Pathak, 2010; Mao et al., 2008; Jifu et al., 2011; Ko et al.,

2004; Yang et al., 2000).

3.8. Optimization and validation

The desirability function was explored using Design-Expert
software to achieve the optimized formulation. The optimum
formulation was established on the set paradigm of maximum

% EE, minimum mean particle size, maximum % PY and
maximum % DL. Consequently, an additional batch of
NFH-NS with predicted levels of factors was produced to
authenticate persuasiveness of the optimization strategy. The

composition and processing conditions for optimized formula-
tion were 1:3 drug/polymer ratios (w/w), 2% (w/v) surfactant,
3.8 h stirring time, 1:12 DP/CP ratio and 2000 rpm stirring

speed, which accomplish the prerequisite of optimization.
Desirability function for optimized formulation was found to
be 0.920 (Fig. 8c). The optimized formulation has 84.972 ±

1.23% % EE, mean particle size of 328.366 nm ± 4.23, %
PY of 83.60 ± 3.23% and 21.41 ± 2.02% % DL, which were
in compliance with the predicted values.



Table 4 In-vitro drug release data of optimized NFH-NS for various release kinetic models.

Order R2 a b Regression equation k n

Zero 0.844 3.022 30.69 y= 3.022x+ 30.69 3.022 (h�1) –

First 0.969 �0.038 1.879 y= �0.038x+ 1.879 �0.038 (h�1) –

Higuchi 0.961 18.02 9.807 y= 18.02x+ 9.807 18.02 (h�1/2) –

Peppas 0.988 0.425 1.409 y= 0.425x+ 1.409 25.8 (h�n) 0.425

Hixon–Crowell 0.935 �0.093 3.122 y= �0.093x+ 4.165 �0.093 (h�1/3) –

R2 – Squared correlation coefficient; a – Slope; b – Intercept; k – Release constant; n – Release exponent of Korsmeyer–Peppas model.
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3.9. Dynamic light scattering (DLS)

DLS was performed to characterize the mean particle size (z-
average) and polydispersity index (PDI) of optimized NFH-

NS for evaluation of particle size distribution. Z-average and
polydispersity index of nanospheres were found to be
648 ± 4.8 nm and 0.53, respectively. The data indicated a high
degree of homogeneity with a relatively narrow particle size

distribution of NFH-NS in nanometric range.

3.10. Zeta potential analysis

Zeta potential (f) valuates overall surface charge attained by
particles in a particular medium of the colloidal system and
is explored as one of the paradigms of stability of colloidal sys-

tem. It is influenced by the composition of particle and med-
ium in which it is dispersed. Nanospheres with a zeta
potential above (±) 30 mV have been researched to be stable

in colloidal system, as the surface charge prevents aggregation
of particles due to stronger repulsive interactions among parti-
cles (Jifu et al., 2011; Rahman et al., 2010). In present study,
the zeta potential value of optimized NFH-NS was

+4.48 mV. The absolute value of zeta potential was lower
than those values reported in the literature. This might be
attributed to sorbitan monooleate, a nonionic surfactant which

decreases the electrostatic repulsion between the particles and
sterically stabilizes the nanospheres by forming a coat around
their surface (Schwarz et al., 1994). The positive charge of

NFH-NS may be attributed from cationic poly (meth) acry-
lates, viz. eudragit RL 100 and RS 100, having quaternary
ammonium group.
Figure 11 Stability of optimized NFH-NS on storage under various t

and (b) % residual drug content.
3.11. Scanning electron microscopy

SEM studies had been used to determine texture and examine
surface morphology of optimized NFH-NS. Scanning electron

micrographs affirmed that nanospheres were almost spherical
in shape with smooth morphology (Fig. 9).

3.12. In-vitro drug release behavior

NFH rendered a rapid release of 95% of drug within 6 h,
whereas optimized NFH-NS revealed a biphasic pattern with
a burst release during first 4 h, succeeded by a sustained release

over 24 h (Fig. 10). The initiatory fast release of drug from
nanospheres could be described by drug desorption from lar-
ger outer specific surface of nanosphere. The mechanism of

drug release was resolved by finding R2 value for various
kinetic models viz. first-orders, Higuchi, Korsmeyer–Peppas
and Hixon–Crowell (Table 4). It was found that Korsmeyer–

Peppas model was excellent (y = 0.425x + 1.409,
R2 = 0.9888). The ‘n’ value was found to be 0.425 which
was less than 0.45 illustrating drug release rate was dominated
by Fickian diffusion from polymer matrix (Peppas and Sahlin,

1989; Paulo and José Manuel, 2001; Das and Das, 1998).

3.13. Stability study

Long term and accelerated stability testing of optimized NFH-
NS was conducted to evaluate degradation rate constant (k),
half-life (t1/2) and shelf-life (t10%) of NFH-NS at 25 ± 2 �C/
60 ± 5% RH and 40 ± 2 �C/75 ± 5% RH, respectively.
Degradation rate constant (k) was estimated from plot of log
emperatures and % RH condition (a) log % residual drug content



Figure 12 The frequency of paw withdrawal in response to

acetone at several time points post treatment in phosphate buffer-

treated CCI group, phosphate buffer-treated sham group, NFH-

treated CCI group and NFH-NS-treated CCI group. Results are

expressed as the mean ± SEM of 6 animals per group. Asterisks

indicate a significant difference between treated groups compared

with control group (*p< 0.0001).

598 S. Sukhbir et al.
% residual drug content vs. time (Fig. 11a). It was found that
NFH-NS stored at 25 ± 2 �C/60 ± 5% RH and 40 ± 2 �C/
75 ± 5% RH have degradation rate constant (k) of

1.695 · 10�4 which corresponds to t10% value of nearly
621 days and 2.0615 · 10�4 which corresponds to t10% value
of nearly 510 days. After 12 months of storage of NFH-NS

at 25 ± 2 �C/60 ± 5% RH, the significant difference in %
residual drug content was not observed as compared to control
(Fig. 11b). These findings revealed that the remarkable stabil-
ity of NFH-NS was achieved at 25 ± 2 �C/60 ± 5% RH.
3.14. Chronic constricted injury (CCI) method

Neuropathic pain study was performed by chronic constricted

injury (CCI) method to compare pure NFH and optimized
NFH-NS by cold allodynia. NFH-NS-treated CCI group exhi-
bits no significant difference in pain behavior till 2 h of drug

administration as compared to NFH-treated CCI group
(p > 0.05) (Fig. 12). After 2 h, NFH-NS-treated CCI group
produces significant difference in pain behavior till 10 h of

drug administration as compared to NFH-treated CCI group
indicating sustained release of drug from NFH-NS
(p < 0.0001).
4. Conclusions

This research work might provide yardstick for potential use
of eudragit polymers for synthesis of NFH-NS. In current

investigation, NFH-NS with high drug entrapment efficiency
and drug loading were successfully synthesized using eudragit
RL 100 and RS 100 by a simple and inexpensive quasi solvent

diffusion technique and optimized by Box–Behnken design.
The present study conclusively manifested that the optimal
formulation of NFH-NS having desirability function 0.920

was achieved with 1:3 drug/polymer ratios (w/w), 2% (w/v)
sorbitan monooleate as surfactant, 3.8 h stirring time, 1:12
DP/CP ratio and 2000 rpm stirring speed. The optimized
NFH-NS followed biphasic Fickian diffusional release pattern
from polymer matrix and exhibited the requisite stability at
25 ± 2 �C/60 ± 5% RH. Chronic constricted injury (CCI)

model in Wistar rats manifested sustained action of optimized
NFH-NS. It was concluded that NFH-NS could substantially
be utilized for sustained drug delivery.
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